In this paper, we report the deposition of graphite multilayer containing nitrogen covering nanometric nickel particles. In-situ photoelectron emission spectroscopy (XPS) reveals the presence of nitrogen in the carbon layer covering the nickel particles. The field emission properties of the structures are reported. Atomic force microscopy displays regular domelike structures. Raman spectroscopy shows the characteristic frequencies associated with graphite and disordered structures. High-resolution transmission electron microscopy confirms the presence of multiwall well-organized graphite layers covering the nickel particles. Disorder increases on increasing nitrogen content. The samples were prepared in-situ by depositing first a few atomic layers of nickel and subsequent islands formation by thermal annealing. Then, an argon ion beam bombards an ultrapure carbon target and simultaneously the growing film is assisted with a second low-energy nitrogen ion beam (ion beam assisted deposition).
The discovery of new carbon molecular structures was an important breakthrough in material science studies. 1 Since that, many interesting properties of these new materials have been discovered and studied. [2] [3] [4] [5] Carbon nanotubes can behave as either metal or semimetal, depending on how the graphene sheet is rolled up into a tube. 6 These facts make carbon nanotubes excellent candidates for device applications such as field emitters 7 and molecular quantum wires in nanocircuits. [8] [9] [10] [11] [12] [13] The control of the electronic and structural properties of carbon structures by doping with other elements is of great technological importance. The specific interest of controlling nitrogen incorporation to carbon nanostructures relies on its electronic structure. Owning one more electron than carbon, nitrogen might act as a donor impurity when incorporated into graphitic structures. From a structural point of view, a recent work shows that nitrogen is indeed incorporated in carbon molecular structures produced by * Author to whom correspondence should be addressed. arc discharge. 14 15 Also, nitrogen could lead to stabilizing closed molecular shapes (fullerene-like) containing nitrogen. 16 Finally, the control of the electronic affinity by doping the organized carbon molecular shapes is an important goal for field emission applications.
In recent years, several synthesizing routes were reported to produce doped fullerenes, nanotubes, and nanofibers. [17] [18] [19] [20] The interest in nanosized ferromagnetic particles stems from potential applications such as highdensity magnetic recording devices, ferro-fluids, and medical diagnostics. 21 Moreover, due to the excellent mechanical and tribological characteristics, carbon nitride alloys are applied as protective coatings in magnetic storage devices. 22 In this paper, we report the deposition of nanocomposite constituted of nickel particles uniformly coated with Ndoped graphene sheets obtained by ion beam assisted deposition (IBAD). By increasing the intensity of the N + assisting beam, the amount of nitrogen in the domes was varied. In this paper, we report the deposition of graphite multilayer containing nitrogen covering nanometric nickel particles. In-situ photoelectron emission spectroscopy (XPS) reveals the presence of nitrogen in the carbon layer covering the nickel particles. The field emission properties of the structures are reported. Atomic force microscopy displays regular domelike structures. Raman spectroscopy shows the characteristic frequencies associated with graphite and disordered structures. High-resolution transmission electron microscopy confirms the presence of multiwall well-organized graphite layers covering the nickel particles. Disorder increases on increasing nitrogen content. The samples were prepared in-situ by depositing first a few atomic layers of nickel and subsequent islands formation by thermal annealing. Then, an argon ion beam bombards an ultrapure carbon target and simultaneously the growing film is assisted with a second low-energy nitrogen ion beam (ion beam assisted deposition).
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In recent years, several synthesizing routes were reported to produce doped fullerenes, nanotubes, and nanofibers. [17] [18] [19] [20] The interest in nanosized ferromagnetic particles stems from potential applications such as highdensity magnetic recording devices, ferro-fluids, and medical diagnostics. 21 Moreover, due to the excellent mechanical and tribological characteristics, carbon nitride alloys are applied as protective coatings in magnetic storage devices. 22 In this paper, we report the deposition of nanocomposite constituted of nickel particles uniformly coated with Ndoped graphene sheets obtained by ion beam assisted deposition (IBAD). By increasing the intensity of the N + assisting beam, the amount of nitrogen in the domes was varied. The composition was determined in-situ by photoemission electron spectroscopy (XPS), ranging from zero up to 10.1 atom%. The N + assisting beam controls the kinetic of the growing material by etching the weak bonds. 23 Micro-Raman spectroscopy was used to study the grade of order and evolution of the formed structures as a function of N content in the sample. The morphology of the material was studied by atomic force microscopy and high-resolution transmission electron microscopy (HR-TEM, Hitachi HNAR9000, 300 keV). The TEM samples were prepared by scratching the material with a diamond tip and the material dispersed on lacely carbon grid 300 mesh. The nickel substrates were studied by scanning electron microscopy (SEM-JEOL FEG-SEM JSM-6330F). Finally, the field emission properties of the structures are also reported.
Samples were deposited on 10 × 10 mm mirror polished crystalline silicon samples containing nickel islands. A ∼100-nm SiO 2 layer was previously grown on the Si wafers. The islands were obtained by evaporating a tiny nickel layer (∼1-2 nm) and posterior annealing at 700 C in the deposition high vacuum chamber (background pressure <10 −4 Pa; oxygen partial pressure <2×10 −5 Pa). The deposition chamber contains two 3-cm diameter DC Kaufman ion sources. The chamber is attached to an ultra-highvacuum chamber for in-situ XPS analysis. The Kaufman ion source allows precise control of ion energy and current density. Details of the apparatus are described elsewhere. 24 An Ar + ion source (∼1450 eV) sputters a pure carbon target (99.9995% purity). A second source assists the growing films by N + 2 ions with controllable energy between 10 and 80 eV. The sample temperature was maintained at (700 ± 5) C during the 90-min deposition time. Immediately after deposition, the sample is transferred to the attached chamber for XPS analysis. The XPS spectra were obtained by using the K line (1486.6 eV) from an Al target. 21 After deposition, XPS analysis shows no traces either of silicon or nickel. The room temperature Raman spectra were obtained in the back scattering configuration by exciting the sample with the 488-nm Ar line ( -Raman, Renishaw RM 2000). The field emission properties of the structures were studied in parallel electrodes geometry in a vacuum chamber (<10 −6 mb). The I × V were obtained at different electrodes separation and afterward normalized.
The SEM analysis of the nickel substrate shows two groups of nanometer particles with a dimension distribution around ∼100 and 40 nm wide, respectively (Fig. 1) . The average spatial period of the total nickel particles is ∼165 ± 40 nm as obtained by a power spectral density Fourier analysis. Figure 2a shows the AFM picture of a pure carbon sample deposited on the type of substrate displayed in Fig. 1. Figure 2b displays the AFM picture of a CN x sample (N ∼ 10 atom %) deposited on similar substrate. Figure 2c shows a detail of this sample with a characteristic domelike shape. We note that the dome structure is present in all the studied samples. However, we will focus the paper on materials containing N. Since the X-ray spot for XPS analysis is around 4 mm 2 , the reported N content is an average composition value of the domes. In a previous work, we performed EELS measured in samples deposited in the presence of N showing that N is effectively incorporated in the material.
14 As we shall discuss below, the Raman spectra support this assumption. The domes presents a mean width and height of ∼130 nm and 25 nm, respectively. Their spatial period of ∼180 ± 30 nm was determined by Fourier power density analysis, i.e., ∼3 × 10 9 (domes/cm 2 . Therefore, this period is of the order of the nickel average spatial distance, confirming that the material indeed grew on the tailored nickel substrate. The height of the domes is limited by stress; i.e., longer deposition time destroys the film by accumulated stress. 25 Experimental procedures for growing nanofibers by this method will be published soon. Finally, the pure carbon samples show higher domes than nitrogen containing nanostructures, suggesting that nitrogen etches the domes (see Fig. 2 ). Oriented Carbon Nanostructures photoemission electron spectroscopy (XPS), ranging from zero up to 10.1 atom%. The N + assisting beam controls the kinetic of the growing material by etching the weak bonds. 23 Micro-Raman spectroscopy was used to study the grade of order and evolution of the formed structures as a function of N content in the sample. The morphology of the material was studied by atomic force microscopy and high-resolution transmission electron microscopy (HR-TEM, Hitachi HNAR9000, 300 keV). The TEM samples were prepared by scratching the material with a diamond tip and the material dispersed on lacely carbon grid 300 mesh. The nickel substrates were studied by scanning electron microscopy (SEM-JEOL FEG-SEM JSM-6330F). Finally, the field emission properties of the structures are also reported.
14 As we shall discuss below, the Raman spectra support this assumption. The domes presents a mean width and height of ∼130 nm and 25 nm, respectively. Their spatial period of ∼180 ± 30 nm was determined by Fourier power density analysis, i.e., ∼3 × 10 9 (domes/cm 2 . Therefore, this period is of the order of the nickel average spatial distance, confirming that the material indeed grew on the tailored nickel substrate. The height of the domes is limited by stress; i.e., longer deposition time destroys the film by accumulated stress. 25 Experimental procedures for growing nanofibers by this method will be published soon. Finally, the pure carbon samples show higher domes than nitrogen containing nanostructures, suggesting that nitrogen etches the domes (see Fig. 2 ). bands associated with disorder and graphite, respectively, are sizable. As previously reported increasing N above 3-5 atom % augments disorder; i.e., nitrogen promotes the formation of nanoparticles. 14 The micro-Raman spot shows a relatively large area, including domes and valleys of the sample. Therefore, in the valleys amorphous graphite could contributes to the D peak. Indeed, HRTEM of the domes shows that the samples containing lower N concentrations (<5 atom %) present well-organized graphite layers covering the nickel particles, forming a multiwall carbon structure (Fig. 4) . The left picture shows the nickel particle (black) uniformly covered by several layers of the material. The right detail shows up to ∼20 graphite planes forming the coating. It is remarked that the most external distorted planes are a consequence of the microscope electron beam heating up the sample. We suggest that N bends and curls the graphite planes, probably allowing the uniform coating of the nickel particle. 14 16 26-28 The estimated thickness from the number of graphite planes is ∼10 nm. Increasing N content distorts the outmost layers of graphite planes. Figure 5 shows the current versus applied field of typical results for the pure carbon deposited samples as well as the nitrogen-doped samples. The dependence of the current on nitrogen content is not yet understood and more work is necessary to clear up the role of nitrogen in the field 9 nm 9 nm Fig. 4 . HRTEM of a coated nickel island (∼3.6 at. % N). Left: covered nickel particle forming a dome. Right: ∼20 graphite planes details. bands associated with disorder and graphite, respectively, are sizable. As previously reported increasing N above 3-5 atom % augments disorder; i.e., nitrogen promotes the formation of nanoparticles. 14 The micro-Raman spot shows a relatively large area, including domes and valleys of the sample. Therefore, in the valleys amorphous graphite could contributes to the D peak. Indeed, HRTEM of the domes shows that the samples containing lower N concentrations (<5 atom %) present well-organized graphite layers covering the nickel particles, forming a multiwall carbon structure (Fig. 4) . The left picture shows the nickel particle (black) uniformly covered by several layers of the material. The right detail shows up to ∼20 graphite planes forming the coating. It is remarked that the most external distorted planes are a consequence of the microscope electron beam heating up the sample. We suggest that N bends and curls the graphite planes, probably allowing the uniform coating of the nickel particle. 14 16 26-28 The estimated thickness from the number of graphite planes is ∼10 nm. Increasing N content distorts the outmost layers of graphite planes. Figure 5 shows the current versus applied field of typical results for the pure carbon deposited samples as well as the nitrogen-doped samples. The dependence of the current on nitrogen content is not yet understood and more work is necessary to clear up the role of nitrogen in the field 9 nm 9 nm Fig. 4 . HRTEM of a coated nickel island (∼3.6 at. % N). Left: covered nickel particle forming a dome. Right: ∼20 graphite planes details. emission current. The inset displays a calibration curve used to calculate the electrode separation by extrapolating to zero applied voltage. Finally, the curves are well-fitted by the Fowler-Nordheim theory, indicating a quantum tunneling mechanism. 29 In conclusion, nanometric graphite layers containing N were grown on nickel particles deposited on oxidized Si wafers by ion beam assisted deposition. Approximately ∼3 × 10 9 cm −2 N-doped graphite multiwall coated domes are obtained. The particles are covered by up to 20 well-organized uniform graphite layers containing nitrogen. Above 5% atomic N content, an increasing disorder is observed in the carbon multiwall coating. The J × V curves are well-represented by a Fowler-Nordheim mechanism.
